Palabras Clave: compensaciones, equidad en la protección, MARXAN, industrias marinas, planificación de la conservación, planificación especial marina, Región Adriática y Jónica :
reto mediante el desarrollo y prueba de 4 estrategias de priorización espacial, con la herramienta Marxan, que fija metas para la conservación de la biodiversidad mientras minimiza los impactos a los usuarios. Evaluamos estas estrategias en términos de cómo cambian lasáreas prioritarias bajo diferentes escalas de metas definidas (e. g., nivel regional vs. nacional). También examinamos la compensación entre la relación costo-beneficio y cómo las soluciones equitativas representan a los países e industrias marítimas (n =
14
Introduction
Marine or maritime spatial planning (MSP) has been widely accepted as a powerful tool for ecosystem-based management of coastal and ocean resources (Mcleod et al. 2005; Ehler 2008; UNEP 2011) . The European experience with MSP has evolved from the development of a thematic strategy on the conservation of the marine environment adopted by the European Commission (EC) in 2005 to the European Framework Directive on Maritime Spatial Planning (2014/89/EC) in 2014 (European Commission 2014a). Several European countries have now developed marine spatial plans, notably Belgium and the Netherlands; however, these plans often lack coordination beyond borders (Douvere & Ehler 2009 ). The Adriatic-Ionian Region (AIR) is an important maritime region for Europe and provides a challenging case study for the identification of a basin-wide MSP strategy, specifically due to the differences in capacities between the east and west (Brussels, COM[2012] 713 final, European Commission [2012] ). The current EU Integrated Maritime Policy specifically recognizes the importance of cooperation at the sea-basin level, and suggests that the best results will be achieved through developing MSP at national and cross-border levels. The role of MSP as a framework for coordinating sectors and countries across EU policies has carried over into existing AIR initiatives, such as the Maritime Strategy for the Adriatic and Ionian Sea (European Commission 2012). The European Union Strategy for the Adriatic Ionian Region (EUSAIR, European Commission 2014b) has 4 main pillars: blue growth, connecting the region, environmental quality, and sustainable tourism (European Commission 2014b). Targets for sustainable development of maritime sectors include the expansion of aquaculture, fisheries, maritime transport, coastal tourism, energy, and other maritime activities (European Commission 2014c). Additionally, given the AIR is a Mediterranean biodiversity hotspot (Coll et al. 2010; Fraschetti et al. 2011) , the region is also subject to several independent biodiversity conservation initiatives (such as Ecologically and Biologically Significant Areas) (Micheli et al. 2013) , complicating the multilevel governance of the region.
Despite the significant EU investment in MSP-related projects in regions, including SHAPE (http://www.shapeipaproject.eu/), AdriPLAN (http://adriplan.eu/), Adriatic Plus (http://www.adriaticplusplatform.eu), and SUPREME (http://www.msp-supreme.eu/) to name a few, strategies for MSP remain largely uncoordinated (Barbanti et al. 2015; Piante & Ody 2015) , and there is competition between sector-oriented governments. While EU member states have been called to integrate their maritime spatial plans into a transboundary approach by year 2020 (European Commission 2014d), there is no clear direction on how to put this into practice. We sought to demonstrate how to simplify the highly dynamic, multiactor, multiscalar, multinational challenge of developing a strategic transboundary MSP framework for the AIR using a marine spatial conservation prioritization approach.
The identification of spatial conservation priorities provides a starting platform to engage with stakeholders, industries, and policy makers about balancing natural resource management and sectorial development through a transparent and well-established method (e.g., Fernandes et al. 2005; Jumin et al. 2017) . Spatial conservation prioritization is the process of analyzing quantitative data to identify locations for conservation investments ). Maps of priority areas can be used to broker negotiations over conservation actions and their associated costs for countries (Mazor et al. 2013; Beger et al. 2015) and industries (Carwardine et al. 2008; Klein et al. 2008; Giakoumi et al. 2013) . Prioritization activities assist with building consensus on planning objectives and examining trade-offs that are essential to understand the costs of alternative plans in relation to different conservation outcomes (Beger et al. 2015; Brown et al. 2015; Di Fonzo et al. 2017) . Conservation prioritization, embedded into broader MSP, has led to more durable outcomes than site-specific planning of marine protected areas (MPAs) or other biodiversity conservation measures (Agardy et al. 2011; Mazor et al. 2013; Beger et al. 2015) .
We considered spatial conservation prioritization as a "purposeful problem-solving tool" (Starfield 1997 ) to facilitate discussion, collaboration, and catalyze the development of a regional approach to MSP in the AIR. We used the spatial decision-support tool Marxan, which aims to meet targets for conservation features (e.g., habitats, species, and ecoregions) while minimizing socioeconomic costs of the intended conservation action (e.g., establishing MPAs). Given that no prioritization framework exists in the region, we sought to answer to 2 specific questions: How does setting targets for biodiversity across the AIR or within individual countries influence planning outcomes, and how does including data on the distribution of maritime industries and activities, as a cost to be minimized, influence the selection of priority conservation areas? We evaluated solutions based on the trade-offs between their cost-efficiency as well as how they impact countries and industries as defined by the protection equality metric (Chauvenet et al. 2017) . We identified priority conservation areas to promote future discussions with key stakeholders and conclude by encouraging the adoption of systematic approaches and decision-support tools to inform MSP processes in the region.
Methods
We used the systematic decision-support tool Marxan to identify priority conservation areas in the AIR Possingham et al. 2000) . Marxan meets predefined conservation targets and minimizes costs to resource users (Possingham et al. 2001; Wilson et al. 2007; Ban et al. 2009 ). We constructed a 10 × 10 km planning grid of 3366 units covering the entire maritime area of the AIR (INSPIRE CRFGGS 2010; Peifer 2011) . Our conservation features were sourced from the ADRIPLAN data portal (data.adriplan.eu) (Barbanti et al. 2015) and included 31 seabed habitats (EUNIS classification) (European Environmental Agency 2012), 14 spawning sites, and 16 recruitment habitats for important fish species and the distributions of 7 mapped species groups, namely, sea turtles, dolphins, whales, monk seals, giant devil rays, seabirds, and white corals (Supporting Information).
We treated cost in 2 different ways with common proxies: the area of each planning unit as the baseline cost, meaning targets are met with the smallest possible spatial footprint, and the number of maritime industries occurring in each planning unit as a proxy for the transaction costs of negotiating biodiversity protection in each unit (e.g., the more industries, the higher cost to conserve) (Supporting Information). For the later treatment, we included the distributions of 14 industrial sectors and activities (hereafter industries) as mapped by ADRIPLAN: aquaculture, coastal and maritime tourism, coastal defense works, dumping area for dredging, liquefied natural gas offshore terminals, maritime transport, military areas, naval-based activities, off-shore sand deposit, oil and gas extraction, oil and gas research, renewable energy facilities, small-scale fisheries, and commercial fishery (Supporting Information). We assumed that all maritime industries have equal standing in the negotiation process. We ran Marxan 100 times per scenario and did not aggregate planning units.
We constructed 4 planning scenarios by varying the geographical scope at which conservation targets were set in combination with the 2 treatments of cost described above (Table 1 ). We applied conservation targets at 2 scales: for the distributions of features across the entire AIR and for each feature's distribution inside the jurisdic- Two different targets were set according to the characteristics, extent, and resolution of the conservation features. For features categorized as endangered according Table 1 . Scenarios for conservation prioritization used to examine priority conservation areas in the Adriatic and Ionian Region by varying the geographical scope at which conservation targets were set in combination with 2 treatments of costs on planning units. Marxan generates 2 different outputs, which we used to evaluate our scenarios: solutions--which are the spatial configurations of selected planning units from each run, and the selection frequency--the amount of times a planning unit is selected across all runs (maximum 100). The higher the selection frequency of a planning unit, the higher priority it is for achieving a scenario's objectives. We used the selection frequency to analyze how priority areas for conservation shift between the 4 scenarios (Carwardine et al. 2007; Giakoumi et al. 2013) . We also analyzed scenarios with the proportional protection equality (PE P ) metric (Chauvenet et al. 2017) . Proportional protection equality evaluates how equally represented features are in a conservation plan (Kuempel et al. 2016 ) and ranges from 0 (highly unequal) to 1 (perfect equality). We calculated PE P based on the proportion of AIR countries' jurisdiction (Mosetti & Lipizer 2014) and the distribution of each maritime industry captured in solutions for each scenario using the R package ProtectEqual (Chauvenet et al. 2017 ). We then examined the trade-off between mean PE P and mean cost of the top 10% of solutions for each scenario (Beger et al. 2015) . Finally, we evaluated how considering industries as costs influenced conservation priorities (defined by selection frequency) by analyzing their patterns of cooccurrence within planning units and the cost of those units. We examined the spatial relationships between the 14 industries by analyzing the frequency of occurrence of each industry in the planning units and the subsequent cost of those planning units. This allowed us to determine which industries were frequently colocated with others and therefore incurred a relatively higher cost to protect.
Results

Priority Areas for Conservation
The distribution of priority areas for conservation (i.e., the planning units with highest selection frequency) varied significantly across our 4 scenarios (Fig. 1) . When cost was assigned as the area of the planning units, regardless of the target-setting strategy, solutions were very flexible, with almost 98% of the AIR included at some point (Figs. 1a & 1c) . When we accounted for industries operating in the AIR by including them as a cost (scenario 1b, 2b), the resulting solutions became more spatially decisive and 25% of the AIR was never selected (Figs. 1b & 1d) . When we accounted for industry costs, the results identified priority areas around the presence of spatially constrained biodiversity features. These areas include the central areas of the Northern Adriatic, where Mullus barbatus (red mullet) spawn; the central Adriatic between Italy and Croatia, where Eledone cirrhosa are preferentially present (horned octopus) and Nephrops norvegicus (Norway lobster) spawn; the coastal areas of Albania, where Aristaeomorpha foliacea (giant red shrimp) spawn and recruitment occurs and Galeus melastomus (blackmouth catshark) recruitment occurs; and the coastal areas of Greece, where monk seals, whales, and turtles nesting sites occur and Raja clavata (thornback ray) spawn.
When we examined the selection frequency by country across our scenarios, we saw similar patterns of flexibility for scenarios when costs were considered as area. When variable industry costs were considered, the number of planning units with higher importance for conservation (i.e., higher selection frequency) increased. The percentage of the AIR with a selection frequency in the highest quartile increased from 0.45% (scenario 1a) to 5.47% (scenario 1b), and from 0.86% (scenario 2a) to 5.7% (scenario 2b) (Supporting Information).
Conservation Biology
Influence of Regional Versus National Target Setting
When conservation targets were assigned by country, the number of features in the analysis increased from 70 to 263 (Table 1 & Supporting Information). This had little influence on the area of the conservation footprint required to meet these additional targets in the best solutions (with an average of 16.8% of the area in the AIR for scenario 1a, 17.1% for scenario 2a, 18.3% for scenario 1b, and 19.1% for scenario 2b [Supporting Information]). The greatest impact of setting targets at the national level occurred when industry costs were also included (scenario 2b). This increased the total cost of the network by 20% with a marginal increase in total area compared to setting targets across the AIR (scenario 1b).
Protection Equality across Countries and Industries
Country-level protection equality values ranged between 0.83 and 0.85 across scenarios. Industry-level protection equality varied between 0.63 and 0.69. Planning at the national level and using area as the cost of a planning unit (scenario 2a) was the worst performing scenario in terms of cost-efficiency (determined by highest mean costs) (Figs. 2a & 2b) . Planning at the regional scale and accounting for industry costs (scenario 1b) was the worst performing in terms of PE P for both countries and industries, despite delivering the most cost-efficient plans. Interestingly, considering area as a cost performed the best for PE P across industries of any scenario tested (scenarios 1a and 2a) (Fig. 2b) .
Spatial Patterns of Maritime Sectors
The following industries commonly co-occurred and thus incurred a higher cost to protect (Fig. 3) : maritime transport, oil and gas extraction, oil and gas research, and commercial fishing. In the AIR, aquaculture, coastal defense works, coastal and maritime tourism, naval-based activities, and small-scale fisheries typically occupy cells with few other activities and therefore reflect lower costs (Fig. 3 & Supporting Information) .
Priorities for Transboundary MSP
Scenario 1b, which considered planning at the regional scale and included industry costs, was the most costefficient scenario in achieving conservation targets. Under this scenario, we constructed Fig. 4 to identify 9 places emerging as conservation priorities that were transboundary and under national jurisdiction.
Discussion
Under the objectives of the EUSAIR, MSP processes are underway to balance maritime development with biodiversity objectives (European Commission 2014b), yet coordination across jurisdictions remains a major challenge. We demonstrated how decision-support tools can help harmonize the needs of both nature conservation and maritime industries within the complex AIR seascape through spatial conservation prioritization.
Higher Criticality of Costs than the Target-Setting Strategy
We expected that setting targets for biodiversity at the country-level would significantly increase the total area required to meet conservation objectives due to the increasing number of features (Table 1) . Instead, we discovered this had a negligible effect on the spatial footprint of the solutions. However, the inclusion of an industrydriven cost significantly influenced where priority areas were best located across the AIR. The areas selected as highest priority for biodiversity trended toward the lower cost areas (e.g., coastal areas in the northeastern AIR where the number of industries is fewer). In some places, such as in the central Adriatic, priorities also occurred in areas of high cost for important fisheries features such as Illex coindetii (Broadtail shortfin squid) and Norway lobster recruits and spawning areas; Merluccius merluccius (European hake) recruits; and horned octopus spawning areas.
The inclusion of costs is essential to deliver conservation plans that are efficient and feasible. Ignoring other users of the sea is unlikely to deliver politically acceptable plans or lead to holistic ecosystem-based management (e.g., Carwardine et al. 2010; Ban et al. 2013; Cheok et al. 2016) . However, spatially explicit data on costs at regional scales rarely exist, hence proxies are often used. We considered the number of industries operating in a planning unit as a proxy for the transaction cost of protecting a site. While our proxy for cost was rather coarse, we demonstrated that the way costs are considered in conservation planning scenarios will affect maritime industries operating in the AIR in different ways. These findings could thus be used to promote awareness across sectors and engage industries in the planning process (Flannery & Cinnéide 2008; Pomeroy & Douvere 2008; Olsen et al. 2014 ).
Making Trade-Offs across Maritime Sectors explicit
Understanding trade-offs is an essential component of spatial conservation prioritization and can greatly influence planning success (e.g., Berkes 2004; Halpern et al. 2013; Klein et al. 2015) . Through the protection equality metric, we found that countries maintained a high level of equality regardless of the scenario (Fig. 2a) protection equality across industries was significantly lower (Fig. 2b ) and more variable across scenarios. This can be partially explained by our construction of the industry cost proxy and its use in the Marxan objective function. Marxan aims to minimize the overall cost of spatial plans, which consists of the sum of costs of the selected planning units. We considered the number of industries operating in a cell to reflect a higher cost to conserve that cell. Due to this, industries that are less often colocated with other industries will be disadvantaged because these industries have more of their areas selected for conservation when they overlap with biodiversity features because the total cost of those cells is lower. This in turn reduces the protection equality performance across industries. The method of including costs has significant implications for evaluating trade-offs that are critical to decision making and their treatment should be carefully considered.
Limitations
Spatial conservation prioritization requires several key decisions about data, scale, and costs that affect the planning outputs and which should be made explicit. In this study, we used conservation features based on the best available data for the AIR provided by Adriplan. This data set has some uncertainties and limited coverage, especially regarding marine mammals and giant devil rays in the Ionian Sea and the deep sea (Gissi et al. 2017) .
The size of the planning unit also influences outcomes. We used a planning unit size of 10 × 10 km, having selected this resolution because it represents a reasonable scale for regional decision making. However, we acknowledge that this scale affects our analysis for countries with small marine jurisdictions, such as Slovenia (174 km   2 represented by 4 planning units), and the disputed area between Croatia and Slovenia (646 km 2 represented by 6 planning units). For example, when we set explicit targets for these areas (scenarios 2a and 2b), the entire jurisdiction emerges as a conservation priority due to how the planning unit scale interacts with the targets set (Cheok et al. 2016 ). We did not consider the contribution of these areas in the protection-equality analysis because it would have biased the results.
Finally, there are the important considerations regarding how to incorporate costs. Ban et al. (2009) recommend testing several approaches, which could include different types of costs (e.g., opportunity costs, enforcement capacity [Carwardine et al. 2008; Arafeh-Dalmau et al. 2017] ).
We did it by using both the area of the planning units and the number of industries in a planning unit as a proxy for the transaction cost of conserving a site. While this is an estimate based on available data, we note that important cost considerations for future planning should pursue estimates of profitability, intensity of uses, or impacts on conservation features (Gissi et al. 2017) , rather than just the distributions of industries across the AIR. Weighting industries by their relative importance is also an option, but this introduces a level of subjectivity that must be carefully examined (Game et al. 2013) . 
Conservation Biology
Recommendations
Our results illustrate how strategic spatial conservation prioritization can cost-effectively identify: areas of national significance and transboundary areas requiring cooperation between countries for biodiversity conservation; and explicitly account for the impacts to different maritime industries (Fig. 4) . We demonstrated how conservation objectives for the AIR can be achieved from the joint contribution of both areas of national significance and strategic transboundary areas.
Regarding areas of national significance, there are several conservation features that predominately fall under the jurisdiction of individual countries. These include maerl beds in Italy, Slovenia, and Croatia; Cymodocea beds in Italy; nursery areas for European hake spawners in Croatia, thornback ray spawners in Greece, and Scomber scombrus (atlantic mackerel) and Solea solea (common sole) recruits in Italy; and whale and monk seal habitat in Greece. However, many conservation priorities are located in transboundary areas and will require collaboration across governments. In particular, these include areas in the Northern Adriatic between Italy, Slovenia, and Croatia for the common bottlenose dolphin (Tursiops truncatus) and the loggerhead sea turtle (Caretta caretta); the Central Adriatic for nursery habitat of horned octopus spawners and Norway lobster spawners and recruits among others; and the areas between the Southern Adriatic and Northern Ionian Seas for giant red shrimp spawners and recruits and blackmouth catshark recruits (Supporting Information).
Transboundary conservation requires cooperation between countries while managing the impacts on industries requires strategic discussions with these key stakeholders. For example, commercial fishing and maritime transport sectors co-occur in many priority areas for conservation (Fig. 4) . Given the influence of these industries in the AIR, a critical future priority for addressing transboundary MSP in the region is to acquire better spatial data across maritime industries so that more accurate evaluations of trade-offs can be made. Another useful application of these data could be for incorporating more sophisticated zoning in the AIR, potentially with Marxan with Zones analysis (Watts et al. 2009 ). This can build on our work here with additional socioeconomic objectives for maritime industries alongside biodiversity conservation. For example, this could ensure that no industry would lose more than a certain percentage of their annual income when zoning for protected areas Jumin et al. 2017) .
Our study was conducted in an area where individual countries do not yet have MSP processes implemented, or even approved, but where there is an expectation of collaboration and expediency according to the EU directive on MSP 2014/89/EC (European Commission 2014a). We recommend that MSP be considered as the crosscutting framework that could be used to integrate the priorities of the 4 pillars of the EUSAIR. However, the choice of method used to develop MSP in this region has significant implications for both the countries and maritime sectors. Indeed, we showed that achieving targets for biodiversity conservation in the AIR by simply adding the conservation efforts of individual countries, without coordination, will not be cost-efficient nor equitable for maritime industries or biodiversity (see also, Mackelworth 2012 ). As such investment should be made to ensure that the MSP process is open and transparent not only to the countries involved, but also to the industries operating in the region. We strongly emphasize that the governance process should adopt systematic approaches, such as spatial conservation prioritization and the use of decision-support tools, as demonstrated here, to achieve transboundary MSP objectives in the future.
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